Background: One of the most effective ways to promote the prevention of mother-to-child transmission (PMTCT) of HIV-1 in resource-limited settings is to encourage HIV-positive mothers to practice exclusive breastfeeding (EBF) for the first 6 months post-partum while they receive antiretroviral therapy (ARV). Although EBF reduces mortality in this context, its practice has been low. We studied the rate of adherence to EBF and assessed associated maternal and infant characteristics using data from a phase II PMTCT clinical trial conducted in Western Kenya which included a counseling intervention to encourage EBF by all participants. Methods: We analyzed data from the Kisumu Breastfeeding Study (KiBS), conducted between July 2003 and February 2009. This study enrolled a total of 522 HIV-1 infected pregnant women. Data on breastfeeding were available for 480 mother-infant pairs. Infant feeding and general nutrition counseling began at 35 weeks gestation and continued throughout the 6 month post-partum intervention period, following World Health Organization (WHO) infant feeding guidelines. Data on infant feeding were collected during routine clinic visits and home visits using food frequency questionnaires and dietary recall methods. Participants were instructed to exclusively breastfeed until initiation of weaning at 5.5 months post-partum. We used Kaplan-Meier methods to estimate the rates of EBF at 5.25 months post-partum, stratified by maternal and infant characteristics measured at enrollment, delivery, and 2 weeks post-partum.
Background
For the prevention of mother-to-child transmission (PMTCT) of HIV-1 in resource limited settings, the World Health Organization (WHO) recommends that HIV-infected mothers receive antiretroviral therapy (ARV) and practice exclusive breastfeeding (EBF) for the first 6 months postpartum followed by complementary feeding unless environmental and social circumstances are safe for and supportive of replacement feeding [1] . In addition to the significant gains in reducing HIV transmission through PMTCT prophylaxis during pregnancy, studies have shown an association between EBF and decreased HIV transmission in the first 6 months of infant life compared to mixed feeding [2] [3] [4] [5] [6] [7] [8] . Despite WHO recommendations promoting EBF practices, adherence to EBF is often low [7, [9] [10] [11] [12] . EBF remains a challenge in sub-Saharan Africa, as it culturally more acceptable to provide mixed feeding with supplemental fluids or other foods traditional for infants [11, 12] . Globally, less than 40% of infants under 6 months of age are exclusively breastfed [13] . In sub-Saharan Africa, pre-lacteal feeding [10, 14] , mixed feeding as early as 2 weeks after delivery, and breastfeeding beyond 2 years are common [15] . Multiple studies have highlighted various predictors of breastfeeding practices, such as societal norms [16] , cultural beliefs [14, 17, 18] , age [19] [20] [21] [22] [23] , socioeconomic status [11, 14, 24] , medical problems [16, 21, 25] , psychosocial factors [26] , and family influence [12, 17, [27] [28] [29] [30] [31] [32] . While some studies have focused on the challenges of EBF, there is limited data from clinical trials in this region on the successes of EBF.
The focus of this analysis was to estimate the proportion of mothers who adhered to the current recommendations to exclusively breastfeed for 5.25 months in the context of a PMTCT clinical trial with access to appropriate ARV therapy. Factors previously known to be associated with EBF, such as age [19] [20] [21] [22] [23] and socioeconomic status [11, 14, 24] , among others, were examined to determine whether they increased or decreased adherence to EBF during the first 6 months post-partum.
Methods

This analysis uses data obtained from participants enrolled in the Kisumu Breastfeeding Study (KiBS), an open label phase IIb PMTCT clinical trial conducted between July 2003 and February 2009 (ClinicalTrials.gov NCT00146380).
A detailed description of the study design and methods has previously been published [33] . In brief, HIV-infected pregnant women attending PMTCT programs at the antenatal clinics of the New Nyanza Provincial General Hospital and the Kisumu District Hospital, which serve lower income populations of Kisumu, were counseled on the risks and benefits of various infant feeding options. After receiving infant feeding counseling, women who indicated intent to breastfeed and met other study inclusion criteria were enrolled at 34 weeks gestation. All study participants were ARV naïve and received triple-combination ARV therapy consisting of zidovudine/lamivudine coformulated as combivir (GlaxoSmithKline) with either nevirapine (Viramune, Boehringer Ingelheim) or nelfinavir (Viracept, Hoffman-La Roche Ltd.). Participants received ARV therapy from 34 weeks gestation through 6 months post-partum. Plasma viral load was quantified using the Amplicor HIV-1 RNA Monitor Test v1.5 (Roche Diagnostics). CD4 lymphocytes were analyzed on a FACSCalibur flow cytometer (Becton Dickinson).
In accordance with WHO guidelines, women were counseled to exclusively breastfeed their infants for 5.5 months and then to wean them promptly over a 2-week period, with complete cessation of breastfeeding by 6 months post-partum. ARVs were discontinued at 6 months postpartum unless the participants met WHO guidelines for their own treatment at the time of the study. EBF was defined as feeding with only breast milk. Medicines and herbs for medicinal purposes were allowed. Mixed feeding was defined as the ingestion of any liquid or food in addition to breast milk. The use of locally available liquids and foods (e.g., porridge, soups, fruit juices, and cow's milk) was encouraged for weaning and replacement feeding.
The study protocol was approved by the U.S. Centers for Disease Control and Prevention (CDC) Institutional Review Board in Atlanta and the Kenya Medical Research Institute (KEMRI) Ethics Review Committee. All participants provided written consent before enrolling in the study.
Data collection and analysis
Infant feeding and general nutrition counseling began after enrollment at 34 weeks gestation. Participants were seen weekly at the clinic for clinical evaluation and received counseling on: maternal nutrition, preparation for lactation, importance of EBF, good breastfeeding techniques, breast health, common breastfeeding problems and strategies for reducing breast milk transmission of HIV in a breastfeeding infant. Home visits also occurred weekly after enrollment at 34 weeks gestation by social workers with certificates in counseling and social work to assess maternal progress since starting the study drugs and to reinforce the benefits of EBF, in preparation for lactation. The time spent for home visits averaged 40 to 60 minutes. After delivery, each mother-infant pair was seen in the clinic for follow-up at 2, 6, 10, and 14 weeks post-partum by a clinician and a nutritionist. During clinic visits participants received counseling to reinforce EBF and an assessment of breast health. Data was collected at each of the visits. At 5 months the mother-infant pair was seen at the clinic by the nutritionist, who discussed with them making the transition from EBF to replacement feeding at 5.5 months post-partum. Mothers and infants continued to be followed at 6, 9, 12, 15, 18 , and 24 months post-partum. Three clinic visits were later added at 5, 7, and 8 months post-partum to monitor infant growth around the weaning period. During study visits adherence to medications and infant feeding recommendations were assessed by study coordinators. Infant feeding counseling was carried out using WHO 2006 guidelines for HIV and infant feeding. In addition, home visits were conducted with monitoring of infant feeding between the clinic visits at 1, 4, 8, 12, and 16 weeks and at 6, 7, 8, 10, 11, 14, 17, 20, and 22 months postpartum. During home visits the interviewer directly observed the home environment and interviewed other household members caring for the infant to assess whether the infant was being fed other foods or still breastfeeding. During each interview conducted at clinic and home visits, data was collected through face-to-face interviews with participants and via observation on infant feeding practices, including: breastfeeding, breast health problems, introduction of complementary liquids or foods, and cessation of breastfeeding. Data from both interviews and direct observations were recorded on case report forms and were considered equally in determining when mixed feeding first occurred. Any report of liquids or foods other than breast milk was considered to be evidence of mixed feeding. The time of the first mixed feed was calculated based on data from multiple sources: the current breastfeeding question in the clinic visit form, the current breastfeeding question and evidence of current mixed feeding (e.g., baby seen eating other foods, food on baby's clothes) in the home visit form, the breastfeeding cessation date form, and a mixed feeding form. This last form for mixed feeding lists the liquids and foods other than breast milk, (i.e., water, glucose water, tea, juice, formula, fresh milk, porridge, and fruits) given to the infant over 3 days prior to the current visit, if the participant reported either having difficulty maintaining EBF or having practiced mixed feeding. Case report forms for recording data were processed by an automated teleform system.
Statistical analyses were performed on data obtained on 480 mothers and their live-born infants for whom any breastfeeding data were available. The cumulative counts and percentages of various liquids and foods were computed by time after delivery for visits scheduled at 2, 6, 10, and 14 weeks and 5 and 6 months post-partum (corresponding to 14, 42, 70, 98, 152, and 183 days post-partum, respectively). Measurements that occurred within 2 weeks (14 days) after each scheduled visit were included with that scheduled visit. Summary statistics were computed for various maternal and infant socio-demographic and clinical characteristics. Kaplan-Meier methods were used to calculate the rates of EBF at 5.25 months (160 days) post-partum, stratified by maternal and infant characteristics measured at enrollment, delivery, and 2 weeks post-partum. The event of interest was time of first mixed feeding, and observations were censored for loss to follow-up and withdrawal from the study. In addition, 95% confidence intervals were computed on the complementary log-log scale using the Greenwood variance estimator. Cochran's Q test was used to test for heterogeneity among the strata in the estimated EBF rates at 5.25 months post-partum. A 5% significance level was chosen. All computations were performed using SAS software, version 9.3 (SAS Institute, Inc., Cary, NC).
Results
The study enrolled 522 HIV-1 infected pregnant women, of whom 491 delivered 502 live infants. Data on breastfeeding were available for 480 mother-infant pairs. Maternal baseline socio-demographic and clinical characteristics are listed in Table 1 . The largest proportion of women (43%) were between 20-24 years of age, 74% were married, 72% had completed primary education, 35% were employed outside of the home, and 84% were at WHO clinical disease stage 1.
The majority of women in the study adhered to the suggested guidelines to exclusively breastfeed up to 5.5 months post-partum, as indicated by the Kaplan-Meier analysis in Table 1 . At 5.25 months post-partum, 80.4% of those in the study were still exclusively breastfeeding. Two of the maternal characteristics measured at enrollment (Table 1) were associated with EBF. Among multigravid women, those who had ≥3 children were more likely to exclusively breastfeed than those who had 0-2 children (89.8% vs. 77.4%, p < 0.01). Also, women who were not living with the child's father were more likely to exclusively breastfeed than women who were living with the child's father (86.0% vs. 78.1%, p = 0.04). When we examined maternal and infant characteristics measured at delivery and 2 weeks post-partum (Table 2) , female infants were more likely to be exclusively breastfed compared to male infants (84.5% vs. 76.9%, p = 0.04). None of the other variables were significantly associated with EBF at the 5% significance level. When mixed feeding was practiced prior to the suggested weaning period, the most commonly given liquids and foods were milk, water with or without glucose, fruit, and porridge (Table 3) . Only 3% and 5% of women introduced fluids other than breast milk by 2 and 4 months post-partum, respectively. Only 4 women gave their infants formula prior to 6 months postpartum, and the percentage remained small even during the period of suggested weaning.
Discussion
Our findings of 80.4% overall adherence to EBF at 5.25 months post-partum in this study is much higher than expected, given global estimates of 39% and Kenya national estimates of 32% [34] . A likely explanation for the higher EBF adherence in this study was the comprehensive support provided to participants in this PMTCT clinical trial. After enrollment, participants were engaged with clinic personnel who provided frequent reinforcement to adhere to EBF for 5.5 months until weaning. Likewise, a KiBS sub-study that focused on a safe water intervention also reported high adherence (80% to 90%) to the recommended chlorine practices and a low frequency of clinic visits for diarrheal cases during the EBF period [35] . In contrast to our findings of high adherence to recommendations for EBF until 5.5 months post-partum, a recent study to examine feeding practices among HIV-infected and uninfected mothers in Kisumu, Kenya, where this clinical trial was conducted, found only 14% of HIVinfected women practiced EBF for the first 6 months postpartum [24] . We assert that high adherence to EBF may be a positive result of providing counseling and routine follow-up in this clinical trial setting. Providing regular and consistent messaging to mothers, as was done in this PMTCT clinical trial, can facilitate compliance with WHO breastfeeding recommendations and best practices in resource limited settings.
In this study we found that the EBF rate was higher among multigravid women who had ≥3 children prior to enrollment than among those with 0-2 children. One possible explanation for this finding is that women may find it easier to exclusively breastfeed having had previous experience with breastfeeding. Also, EBF is less expensive than mixed feeding, and cost may be a concern in larger families. Likewise, the EBF rate was higher among women not living with the child's father than among women living with the child's father. Women not living with the child's father may find more time to spend alone with their infant, making EBF more convenient. In addition, the mixed feeding rate was higher among male infants than among female infants. This observation may reflect the cultural context that places higher regard on male infants in this region of Kenya and therefore seeks to give them the best nutrition and care. Thus, there may be a greater likelihood to start mixed feeding male infants earlier because supplementing breast milk with nutritious foods is thought to promote growth and development [14] . There are several limitations to our analysis. The high rate of EBF might be related to recruitment into the clinical trial of women who planned to breastfeed. However, the high rate of EBF reflects not only the fact that that these women breastfed their infants, but also the fact that they refrained from mixed feeding, in contrast to the most common practice in Kenya, as in the rest of sub-Saharan Africa. Furthermore, there were frequent clinic and home visits with continuous counseling and support for EBF, which likely impacted infant feeding practices. Social desirability bias may have been introduced through individuals answering questions that they exclusively breastfed since this is what was expected of them and considered most appropriate rather than what was actually done. Nevertheless, attempts were made to observe infant behavior and feeding practices in the home by social workers during home visits. Feeding habits were also discussed with family members during home visits.
Clinical trials and other interventions that provide education and reinforcement, such as peer counselors, can have a positive impact on improving the knowledge and attitudes about EBF [30] . Progress to increase the number of women who exclusively breastfeed has been reported on a large scale in Africa and Latin America through training, effective behavior change communication and the development of key partnerships which influenced communities [15, 36] . It may be challenging to translate the experience from this clinical trial to busy clinic settings in resource constrained areas with limited staff. Use of community volunteers to emphasize the importance of EBF could prove valuable in these settings. Use of peer counselors in the PROMISE EBF study demonstrated a significant increase in EBF prevalence for women who were randomized to a peer counseling intervention which involved one antenatal and four postdelivery breastfeeding peer counseling sessions, compared to a control group. The EBF prevalence at 12 weeks postdelivery in the intervention and control clusters was 79% vs. 35% in Burkina Faso, 82% vs. 44% in Uganda, and 10% vs. 6% in South Africa [37] . The interpretation from this study was that low intensity individual peer counseling can be used to effectively increase EBF prevalence in sub-Saharan African settings. These results and ours suggest that education and counseling from health care providers and community workers in resource-limited settings can improve adherence to the current breastfeeding guidelines.
Conclusion
Health care and community workers can have a pivotal role in providing accurate information on the benefits of EBF, leading to optimal feeding practices and decreased infant morbidity and mortality. In resource-limited settings, strategies to promote EBF and to discourage early mixed feeding should be incorporated routinely within maternal child health programs.
